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ADF&G TECHNICAL DATA REPORTS 

This series of reports i s  destgned to fac i l i t a te  prompt 
reporting o f  data from studies conducted by the Alaska 
Department of Fish and Game., especial ly studies which 
may be of direct and immediate interest to  scientists  of 
other agenci es . 
The primary purpose of these reports i s  presentation o f  
data. Description of programs and data collection methods 
i s  included only t o  the extent required for  interpretation 
of the data. Analysis i s  generally limited t o  t h a t  neces- 
sary for clarification o f  data collection methods and 
interpretation of the basic data. No a t t e m p t  i s  made i n  
these reports to present analysis of the data relative t o  
i t s  ultimate or intended use. 

Data presented i n  these reports i s  intended t o  be f inal ,  
however, some revisions may occasional l y  be necessary. 
Minor revisions will be made via errata sheets. Major 
revisions will be made in the form of revised reports. 
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ABSTRACT 

Hydroacoustic sampling o f  upstream migrant  salmon i n  the  S t i k i n e  R iver  was con- 
ducted a t  two s i t e s  dur ing  th ree  per iods i n  t he  summer o f  1983. Data were 
examined t o  determine f i s h  ho r i zon ta l ,  v e r t i c a l ,  and temporal d i s t r i b u t i o n s ,  and 
opt imal sample per iod  dura t ion .  Equipment used f o r  f i s h  de tec t i on  was capable 
of ensonifying a  p o r t i o n  o f  t he  water column ou t  t o  approximately 150 m from 
shore. Most f i s h  (90-993) migrated w i t h i n  30 m o f  shore a t  the  two s i t e s  sampled, 
and a l l  detected f i s h  were w i t h i n  70 rn of shore. F ish  were d i s t r i b u t e d  throughout 
the water column a t  both no r th  and south bank s i t e s .  D i s t r i b u t i o n  was s i m i l a r  
between s i t e s  w i t h i n  and between t ime periods. Most f i s h  were detected near the  
bottom between 9  and 13 Ju ly ;  a  d i s t r i b u t i o n a l  s h i f t  t o  middle and sur face waters 
was noted between 28 J u l y  and 1  August. Changes i n  d i s t r i b u t i o n  may r e f l e c t  
changes i n  species composit ion, r i v e r  v e l o c i t y ,  o r  o ther  unknown fac to rs .  Temporal 
d i s t r i b u t i o n s  o f  f i s h  counts showed no consistency w i t h i n  o r  between periods. 
C o e f f i c i e n t  o f  v a r i a t i o n  ana lys i s  i nd i ca ted  an opt imal sampling pe r iod  du ra t i on  
o f  50 minutes. 

KEY WORDS: S t i k i n e  R iver  salmon, sonar research, salmon d i s t r i b u t i o n .  



INTRODUCTION 

Hydroacousti c adul t salmon counters developed by the Bendix Corporation1 were 
used in the St ik ine  River i n  1982 and 1983 t o  enumerate escapements of sockeye 
salmon (Oncorhynchus nerka Wal baum) . Counts were compared post-seasonal 1 y t o  
estimates derived from a combination of upriver weir counts and scale  pattern 
analysis  f o r  1982 (Oliver 1983) and f o r  1983 (Walls 1984). In 1982, the  to ta l  
number of hydroacoustic counts al located t o  sockeye salmon f e l l  below the level 
of escapement estimated from weir counts and scale  pat tern  da ta ,  and preliminary 
analys is  of 1983 data indicates  s imi lar  discrepancies between est imates derived 
by the two methods. Undercounting by the  sonar units was severe enough t o  war- 
r an t  an investigation of hydroacoustic operation. 

Based upon the  capab i l i t i e s  of the Bendix salmon counter, three  potential  sources 
of e r r o r  were ident i f ied .  F i r s t ,  the Bendix sidescanner i s  capable of ensonifying 
water out  t o  a distance of 31 m.  Fish migrating beyond this range would not be 
incl uded in the escapement. Secondly, incomplete sampl ing occurred in both 1982 
and 1983. During 1982, the beam2 was aimed only along the  bottom. In 1983, the  
beam was used t o  scan the bottom, middle, and upper pa r t s  of the water column. 
T h u s ,  during 1982, f i sh  not swimming on the  bottom were not counted, and i n  1983, 
f i s h  not in the sampled s t r a t a  were not counted. The f ina l  source of e r r o r  i s  
the method used t o  a l l oca t e  counts t o  species. Sockeye and p i n k  salmon (0. gor- 
buscha) runs overlap, and res ident  species such a s  Dolly Varden (sa lvel inus  malma) 
a l so  add t o  the  t o t a l  counts. Catch data from bank-oriented fishwheels were used 
fo r  species a l loca t ion  i n  1982, and data from both fishwheels and g i l l n e t s  were 
used in 1983. The species a l locat ion method is  not addressed in  t h i s  repor t  but 
i s  being researched by other  s c i e n t i s t s .  

In 1983, a study was undertaken t o  address the  f i r s t  two issues .  The major 
object ive  of this study was t o  document the horizontal and ver t i ca l  d i s t r ibu t ions  
of f i s h  using more v e r s a t i l e  sonar instrumentation. Secondary objectives included 
the examination of hourly f i sh  counts and determination of the  optimal length of 
the  sampl i ng period. 

METHODS 

Data Collection 

Hydroacoustic sampl i ng was conducted during three  periods of summer, 1983; 14-1 6 
June, 9-13 July ,  and 28 July - 1 August. The time frame was se lected t o  sample 
the beginning, middle, and end of the  sockeye salmon run. Two s i t e s  on the lower 

Bendix Corporati on Electrodynamics Divi sion,  11 600 Sherman Way, North Hollywood, 
Cal i fo rn ia  91 605. 

The Bendix salmon counter uses a combination 2'14" beam (4" f o r  the f i r s t  half  
of the  range scanned, 2" f o r  the  d i s t a n t  h a l f ) .  



S t i k i n e  R iver  were used; one s i t e  was loca ted on the no r th  bank of the  r i v e r ,  
w h i l e  the  o ther  s i t e  was loca ted on the south bank (F igure  1 ) .  I n  a d d i t i o n  t o  
hydroacoust ic sampl i n g  described be1 ow, Bendix s ide  scan sonar un i t s ,  p rov id ing  
escapement counts throughout the  sumner were loca ted a t  these two s i t e s .  The 
e n t i r e  r i v e r  i s  contained w i t h i n  a s i n g l e  channel a t  t h i s  l oca t i on ,  and the  
bottom p r o f i l e  i s  s u i  tab1 e f o r  deployment o f  avai l a b l e  hydroacoust ic equi pment. 
R iver  bottom p r o f i l e  measurements were made on 14 June. A t  the  n o r t h  bank s i t e ,  
t he  r i v e r  was nea r l y  6.5 m deep and 31 m o f fshore .  Depth increased s l i g h t l y  w i t h  
d is tance from t h a t  p o i n t  t o  mid- r iver ,  then g radua l l y  increased t o  7.7 m w i t h i n  
30 m of t he  south bank o f  the r i v e r  (Appendix 1 ). The south bank s i t e  bottom 
slopes more gen t l y  away from shore and was on l y  3.6 m deep 31 m offshore. R iver  
depth increased w i t h  d is tance t o  a maximum o f  9.7 m w i t h i n  30 m o f  the  no r th  
bank (Appendix 2) .  Water l e v e l s  f l u c t u a t e d  through a range o f  approximately 
one meter (Appendix 3) over the  th ree  t ime per iods sampled (USGS 1984). 

Data a c q u i s i t i o n  equipment consis ted o f  a Biosonicsl 420 KHz Model 101 t ransceiver ,  
2" (narrow beam) and 6" (wide beam) transducers, a dual a x i s  r o t a t e r  f o r  t rans-  
ducer aiming, a c h a r t e r  recorder,  and an osc i l loscope f o r  mon i to r ing  the  system. 
Transducers were at tached t o  the  Biosonics r o t a t o r  system and mounted on a three- 
legged stand as depicted i n  F igure  2. This  system al lowed remote s e l e c t i o n  of X 
(upr iver-downr iver  plane) and Y (sur face t o  bottom plane) transducer angles. 

The Biosonics 101 was chosen because o f  i t s  extended range and v e r s a t i l i t y .  High 
frequency (420kHz) was chosen i n  order  t o  keep t h e  cos t  and s i z e  o f  transducers 
a t  a minimum ( fo r  a g iven beam width, cos t  and transducer s i z e  decrease w i t h  an 
increase i n  frequency). High frequency a1 so increases the  t a r g e t  s t reng th  and 
a l lows use of s h o r t  pulse lengths; both fea tures  a re  des i rab le  f o r  i n - r i v e r  f i s h  
enumeration. 

An EPC2 Model 1600 c h a r t  recorder  recorded a l l  re tu rned echo in fo rmat ion .  I t  was 
chosen fo r  i t s  l a r g e  paper s i z e  (223.5 mm) r e l a t i v e  t o  o ther  c h a r t  recorders. A 
th resho ld  was placed before  the  c h a r t  recorder  t o  a l l ow  d i sp lay  o f  o n l y  those 
f i s h  equa l l i ng  o r  surpassing a g iven t a r g e t  s t rength.  

The t ransducer - ro ta ter  system was pos i t i oned  near shore, and transducers were 
aimed s l i g h t l y  (1  5') downstream t o  pe rm i t  use o f  the change i n  range technique 
fo r  d i  s t i  ngui sh ing upstream from downstream movement o f  detected t a r g e t s  (Appendix 
4).  R i ve r  depth p r o f i l e s  made p r i o r  t o  deployment o f  the  equipment permi t ted  
p o s i t i o n i n g  o f  acoust ic  "screens" i n  re1 a t i v e l y  d i s c r e t e  depth s t r a t a  a t  both 
n o r t h  and south bank sonar s i t e s .  

A t  each s i t e ,  du r ing  each one-hour sampling i n t e r v a l ,  surface, midwater, and 
bottom depth s t r a t a  were surveyed. Each s t r a t a  was enson i f ied  f o r  a pe r iod  o f  
approximately 20 minutes w i t h i n  a sampling i n t e r v a l  . 
Chart record ings were examined, and s i t e ,  date, t ime i n t e r v a l  , beam width,  t rans-  
ducer angle, and c h a r t  recorder  s e t t i n g  data were recorded. Each detected t a r g e t  

Bionsonics Incorporated, 4520 Union Bay Place NE, Seat t le ,  Washington 981 05. 

EPC Laborator ies,  Inc., 5  E lec t ron i cs  Ave., Danvers, Maryland 01923. 





Figure 2. Transducer stand and r o t a t e r  system used fo r  hydroacoustic sampling 
in the St ik ine  River, 1983. 



was c l a s s i f i e d  as f i s h  o r  debr is  based on c r i t e r i a  s e t  f o r t h  i n  Appendix A. 
Measurements taken on ta rge ts  c l a s s i f i e d  as upstream m i  grants inc luded t ime 
of day a t  beam ent ry ,  d is tance from the  transducer a t  the  p o i n t  o f  beam e n t r y  
and e x i t ,  t a r g e t  t r a c e  length, and t race  angle r e l a t i v e  t o  a l i n e  drawn per- 
pend icu la r  t o  shore. No analyses were performed on downstream d i r e c t e d  f i s h  
ta rge ts .  

Data Analys is  

Data were examined t o  determine t h e  h o r i z o n t a l  d i s t r i b u t i o n  o f  upstream migrants. 
The d is tance o f f sho re  a t  which detected f i s h  entered the  sonar beam was deter -  
mined by 

- di j 
Dij -223.5 (Ti) (750) COS ( 4  + (0.5) ( a ) ) .  

where Dij = Of fshore d is tance ( i n  meters) f o r  the  j t h  f i s h  i n  t he  i th  per iod.  

d i j  = Distance (mn) f rom the  zero l i n e  on the  cha r t  recorder  t o  t h e  f i r s t  
mark l e f t  by the  f i s h .  

T i  = Chart recorder  t ime base s e t t i n g ,  i n  seconds dur ing  pe r iod  i. 

= The angle (degrees) a t  which t h e  transducer was aimed up o r  down- 
r i v e r  r e l a t i v e  t o  a l i n e  drawn perpendicular  t o  t he  shore l ine .  

a = Beam wid th  (degrees). 

223.5 = Chart recorder  paper w id th  (mm). 

750 = The round t r i p  ( t ransducer- target- t ransducer)  v e l o c i t y  o f  sound i n  
meters/second. 

F ish  were a1 loca ted t o  10 m wide s t r a t a  t o  est imate ho r i zon ta l  d i s t r i b u t i o n .  The 
number o f  de tec t ions  i n  each st ratum was normalized t o  compensate f o r  inc reas ing  
volumes o f  water sampled by each successive sec tor  o f  the  beam. Normal i z a t i o n  
was accomplished by m u l t i p l y i n g  the  number o f  de tec t ions  i n  each st ratum by a 
constant  developed f o r  each beam sec tor  based on the  area w i t h i n .  The area o f  
each sec tor  was found by 

where An = Area (m2) w i t h i n  sector  n. 

rn 
= Distance (m) from t h e  transducer t o  the  ou ter  edge of sec tor  n. 

a = Beam w id th  (degrees). 



Normal iz ing constants f o r  each sec tor  were then found by  

where Cn = Normal iz ing constant  f o r  sector  n. 

A1 = Area (m2 ) o f  sec to r  1  . 
An = Area (m*) o f  sec tor  n. 

Normal i z i n g  constants range from 0.34 f o r  t h e  most d i s t a n t  (140-150 m) sector ,  
t o  10.0 f o r  the ten  meter wide sec to r  nearest  shore (Appendix 5 ) .  

V e r t i c a l  d i s t r i b u t i o n  o f  upstream m i  g ran ts  was examined. Data were s t r a t i f i e d  
by s i t e ,  t ime per iod,  beam wid th ,  and depth. Angles used f o r  each o f  t he  depth 
s t r a t a  v a r i e d  s l i g h t l y  between and w i t h i n  dates due t o  such f a c t o r s  as changing 
r i v e r  depth and d i f f e rences  i n  t ransducer  a t t i t u d e  between surveys a t  t he  same 
s i t e .  The number of f i s h  per  minute m i g r a t i n g  a t  each o f  t h ree  l e v e l s  i n  t he  
water column was ca l cu la ted  f o r  each t ime per iod,  s i t e ,  and beam w id th  by 

where Nij = Average number o f  upstream migrants detected i n  s t ratum i dur ing  
i n t e r v a l  j. 

Cij 
= Number o f  upstream migran ts  detected i n  s t ratum i i n  i n t e r v a l  j. 

Pij 
= Time (minutes) observed i n  s t ratum i dur ing  i n t e r v a l  j. 

The t ime  o f  day o f  upstream m i g r a t i o n  was examined t o  determine whether t he re  
was a  cons i s ten t  d a i l y  p a t t e r n  t o  f i s h  m ig ra to ry  behavior  i n  t h e  S t i k i n e  River .  
Hour ly  counts were normal ized by making t h e  h ighes t  h o u r l y  count of each day 
equal t o  1.0 and c a l c u l a t i n g  normal ized counts as 

where Ni = Normalized count of upstream migran ts  du r i ng  hour i on day j. 

Cij 
= Raw h o u r l y  count o f  upstream migran ts  du r i ng  hour i on day j. 

"j 
= Highest  hou r l y  count o f  upstream migran ts  on day j. 

Normal izat ion o f  counts e l im ina tes  between-day v a r i a b i  1  i ty ,  l e a v i n g  w i  th in-day 
v a r i a b i l i t y  f o r  ana lys is .  Raw and normal ized counts were a l l o c a t e d  t o  one hour 
t ime per iods.  I n  those cases where no f i s h  were detected, t he  midpo in t  o f  t he  
sample i n t e r v a l  was ca l cu la ted  and a  zero was recorded i n  t he  app rop r i a te  hour 
stratum. When t h e  midpo in t  f e l l  e x a c t l y  on the  hour, i t  was rounded down. 



The du ra t i on  o f  t he  basic  sampling u n i t ,  o r  opt imal  amount o f  t ime t o  spend 
sampling a spec i f i c  stratum w i t h  a s p e c i f i c  transducer, was determined us ing  
ana lys is  of the  c o e f f i c i e n t s  of v a r i a t i o n  o f  f i s h  counts recorded du r ing  
sampling per iods o f  d i f f e r e n t  length .  Sampling per iods  were d i v ided  i n t o  
smal ler  periods, by  f i v e  minute increments, and the  mean, standard dev ia t ion ,  
c o e f f i c i e n t  of v a r i a t i o n ,  and 95% confidence i n t e r v a l s  around the  c o e f f i c i e n t  
o f  v a r i a t i o n  were ca lcu la ted .  

I n  a search f o r  a quick, easy method o f  es t imat ing  t h e  var iance o f  hydroacoust ic 
escapement est imates i n  the  S t i k i n e  River,  the  elapsed t ime between successive 
de tec t ions  o f  upstream migrants was examined. I f  t ime between a r r i v a l s  was 
Poisson d i s t r i b u t e d ,  t he  var iance and mean would be equal and both would be 
e a s i l y  determined. Thus, the sample var iance o f  the  frequency d i s t r i b u t i o n  
o f  t he  t ime between successive a r r i v a l s  may be compared t o  t h e  mean of t h e  
frequency d i s t r i b u t i o n  i n  a one sample t e s t  o f  var iance ( E l l i o t t  1971 ). Under 
the  assumption t h a t  S 2  = 2 ,  t he  f o l l o w i n g  t e s t  s t a t i s t i c  x 2  has a c h i  square 
d i s t r i b u t i o n .  

RESULTS AND DISCUSSION 

Data were c o l l e c t e d  from the  two S t i  k ine  R iver  sonar s i t e s  du r ing  13 days spread 
through th ree  sampling per iods (Table 1 ) .  Analys is  o f  these data r e s u l t e d  i n  
de tec t i on  o f  213 upstream d i r e c t e d  f i s h .  Only one f i s h  was detected between 14 
and 16 June; therefore,  t he  analyses apply t o  f i s h  passage which occurred between 
9 and 13 Ju ly ,  and between 28 J u l y  and 1 August. 

Hor izonta l  D i s t r i b u t i o n  

Hor izonta l  d i s t r i b u t i o n  of S t i k i n e  R ive r  f i s h  was determined a t  t he  n o r t h  and 
south bank s i t e s  us ing  both narrow- and wide- angle acoust ic  beams. The wide- 
angle beam i s  capable of enson i fy ing  a p o r t i o n  o f  t he  water column t o  a range o f  
approximately 75 m, w h i l e  the  narrow-angle beam ranged t o  150 m. A l l  f i s h  
detected a t  e i t h e r  of the  two s i t e s  were w i t h i n  70 m, and 90 t o  99% were w i t h i n  
30 m o f  shore (Table 2) .  A t  t he  n o r t h  bank s i t e ,  over  the two t ime per iods when 
s i g n i f i c a n t  f i s h  passage was detected, t h e  m a j o r i t y  o f  the  f i s h  detected were 
w i t h i n  30 m o f  the  transducer (F igures 3 and 4). S i m i l a r l y ,  the v a s t  m a j o r i t y  
o f  a l l  f i s h  detected a t  t he  south bank s i t e  over the same t ime frame were migra t -  
i n g  w i t h i n  30 m o f  the  transducer face (F igures 5 and 6 ) .  A c o n s i s t e n t l y  h igher  
p ropo r t i on  o f  f i s h  were loca ted w i t h i n  20 m of shore a t  t he  south bank s i t e  than 
a t  the  n o r t h  bank s i t e .  

The p r o p o r t i o n  o f  a l l  f i s h  t h a t  were detected w i t h i n  30 m o f  t he  transducer a t  
bo th  t h e  n o r t h  and south bank s i t e s  dur ing  the  per iod  28 J u l y  t o  1 August increased 
above what was found i n  the  pe r iod  9-13 Ju ly .  This change may be r e l a t e d  t o  a 
change i n  species composit ion from p r i m a r i l y  sockeye salmon t o  a m ix tu re  o f  
sockeye, coho (0. kisutch), and p ink  salmon. Pink salmon are  known t o  t r a v e l  
very  c lose  t o  shore, l a r g e  numbers were present  i n  1983, and no h i s t o r i c a l  run  
t im ing  data shows increas ing  p ink  salmon run  s t rength  a f t e r  mid J u l y  (John E. 
Clark,  personal c o m u n i c a t i  on). 

D i f fe rences were a l s o  ev ident  between beam widths w i t h i n  a s i t e ,  w i t h  the narrow- 
angle beam tending n o t  t o  de tec t  as many f i s h  w i t h i n  t h e  f i r s t  10 m o f  shore as 



Table 1. Sampling tire =a r iver  s t r a t a  exa i r r ea  by a t e .  s i t e .  ana beam w i ~ t h  tor the 
S t ik ine  River somr  s tua ies ,  1983. 

~~ ~ ~ 

Depth  ---_------------_-_------------------------------ 
Surface Miu-Water Dottart 

Beml ................................................... 
m t e  S i t e  Wioth Angle Minutes Ansle Minutes Arqle Minutes .................................................... 

2O 40 19 45,47.49 81 55 20 
14  June South 

Eank 6O 27 80 38 40 54,55 23 
------ ......................... --------- 

io 0 0 0 
South 
Bank 6O 40 53 47 40 55 40 

1 5  J u r ~ e  -- --- --..----------- ------- 
2O 0 0 0 

North 
Bank 6O 29 6 2 34 65 39 50 

2O 0 0 0 
16 June North 

Eank 6O 29 120 34 100 35 76 ----------- ------------ 
2O 0 0 0 

9 Ju ly  South 
Bank 6' 28 32 31 74 34 40 --------- --------------- 

2O 28 40 31 44 33.34 31 
10  Ju ly  South 

Eank 6O 28 19 31  186 3 4 144 --- ------ - 
2' 29 47 31 20 33 20 

South 
Eank 6O 28 20 31 67 33.34 62 

11 July  ------ ------------------ 
2O 0 0 0 

North 
Bank 6O 24 40 29,31 6 0 34,35 6 3 

-------1-_--__1- - - - -  ----c--- 

zG 30 20 0 36 22 
1 2  Ju ly  North 

Eank 6O 24,25,27 162 29,31 137 34,36 233 
- -- - - -- 

P 0 0 0 
13 J u l y  North 

m k  6O 25 19  29 21 34 20 ---- -------------------- 
2O 40.42 49 42.43 42 46 38 

28 Ju ly  South 
Ednk 6O 42 100 0 45 6 2 

29 Ju ly  South 
Eank 6' 42 216 -------- - -------- 

20 40 50 42.43 50 45,46 50 
South 
Bank 6' 37 -42 % 0 45 88 

30 july ------------------------ -------- 
2O 32 87 0 37 65 

North 
Bank 6O 35 82 0 42.43 89 .............................. 

2" 30.32 220 35.37.38 106 44,45 42 
31 Ju ly  North 

Bank 6O 3 5 180 35 53 42 104 ------------- --------------- 
2" 0 38 11 45 10  

1 Auqust North 
&ink 6O 35 1 3  39 11 42 10  ..................................................... 

Narrow-mglc bean = P 
Wi&-anqle bean = 6' 



Table 2. P r o p r t i o n s  of the t o t a l  n&r of i i s h  d e t s t t a  within lorn tmrizontal s t r a t a  by s i t e .  
p e r i d ,  and k a m  width. in the St ik ine  River i n  1983. ...................................................................... 

Inclusive D i s t a c e  Otfshore (IT~) 
Eeml - ...................................... 

.Dates S i t e  Wiath 1-10 11-20 21-30 31-40 41-50 52-60 61-70 ..................................................... 
2O % 55.60 27.59 8.24 0.00 5.05 0.00 3.53 

Cum. % 55.60 83.19 91.43 91-43 N.48 96.48 160.00 

South 6O % 40.47 5.06 2.70 0.77 0.00 0.00 0.00 
Bank Cum. % 40.47 96-53 99.23 100.00 

9 Ju ly  
t o  

13  Ju ly  
20 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cum. % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

North 6O % 19.46 44.77 25.95 7 -66 0.00 2.16 0.00 
Bank Cum.% 19.46 64.53 90.18 97.84 97.84 100.00 

South 6O % 54.76 41.78 2.58 0 -88 0.00 0.00 0.00 
Eank (Irm. % 54.76 96.54 99.12 100.00 

2&6O k 51.55 43.74 3.71 1.00 0.00 0 .OO 0.00 
Cum. % 51.55 95.29 99.00 100.00 

28 Ju ly  
t o  

1 August 20 % 35.01 41.84 10.00 13.15 0.00 0.00 0-00 
Ccrm. % 35.01 76.85 86-85 100.00 

North 6O % 41.48 38.92 13.60 0.00 0.00 0.00 0.00 
Barrk CUITI. % 47-48 86.40 100.00 

2& 6O % 44.72 39.57 12.80 2.91 0.00 0.00 0.00 
Cum. % 44.72 84.29 97.09 100.00 

South 6O % 51.10 45.43 2.62 0.85 0.00 0.00 0.00 
Bank (Irm. % 51-10 96.53 99.15 100.00 

2&6O % 49.20 46.01 3.62 0.92 0.14 0.00 0.11 
9-13 Ju ly  % 49.20 95.21 98.83 99.75 99.89 99.89 100.00 

and 
28 Ju ly  t o  
1 August 20 % 35.01 41.84 10.00 13.15 0.00 0.00 0.00 

Cum. % 35.01 76.85 86-85 100.00 

North 60 % 4 - 6 3  38.38 16.67 2.43 0.00 0.69 0.00 
Bank Cum. % 41.83 80-22 96-86 99.31 99.31 100.00 

2&6O % 40.81 3b.90 15.67 4.04 0-00 0-58 0-00 
Cum. % 40.61 79.71 95.38 99.42 99.42 100.00 --- . .................................................. 

I Narrow-angle beam = 2O 
Wiw-agle  bean = 6O 
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Figure 3 .  Horizontal dis t r ibut ion of Stikine River f i s h  detected a t  the north bank 
sonar s i t e  with a narrow-angle (2') beam, by period, 1983. 
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Figure 4. Horizontal distribution of Stikine River fish detected at the north bank 
sonar site with a wide-angle (6') beam, by period, 1983. 
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sonar s i t e  with a narrow-angle ( 2 O )  beam, by period, 1983. 
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Figure 6. Horizontal distribution of Stikine River f i sh  detected a t  the south bank 
sonar s i t e  with a wide-angle (6 ' )  beam, by period, 1983. 



d i d  t he  wide-angle beam. This i s  probably  due t o  t h e  d i f f e r e n c e  i n  w id th  o f  
the  two beams near t h e  transducer face. The narrow-angle beam i s  much narrower 
near i t s  source than i s  the  wide-angle beam. F ish passing c lose  t o  t he  t rans -  
ducer a r e  o n l y  i n  the beam f o r  a s h o r t  time, r e s u l t i n g  i n  a s h o r t  t r a c e  on the  
echogram. I f  the  t r a c e  i s  t oo  sho r t  t o  d i s p l a y  a change i n  range from t h e  t rans -  
ducer, the t a r g e t  w i l l  n o t  be recognized as an upstream migran t  and would i ns tead  
be c l a s s i f i e d  as deb r i s .  The wide-angle beam, there fo re ,  g ives  a more accurate 
p i c t u r e  o f  ho r i zon ta l  d i s t r i b u t i o n  than does the narrow-angl e  beam, p a r t i c u l a r l y  
i n  near-shore waters. 

V e r t i c a l  D i s t r i b u t i o n  

The v e r t i c a l  d i s t r i b u t i o n  o f  upstream-migrant f i s h  was assessed a t  t h e  n o r t h  and 
south bank s i t e s  us ing  both narrow- and wide-angle hydroacoust ic  beams. Ana lys is  
of data from both s i t e s  revealed no cons i s ten t  d i s t r i b u t i o n a l  t rends w i t h i n  t ime 
per iods between beam angles. Beam angles p rov id ing  data most i n d i c a t i v e  o f  f i s h  
v e r t i c a l  d i s t r i b u t i o n  d i f f e r  between s i t e s ,  depending upon r i v e r  bottom topography 
and sampl i ng i n t e n s i t y .  The narrow-angl e  beam prov ides more d i s c r e t e  samples of 
the water column than does the  wide-angle beam, and i s  t he re fo re  most s u i t a b l e  f o r  
c o l l e c t i o n  of  v e r t i c a l  d i s t r i b u t i o n  data, p a r t i c u l a r l y  a t  s i t e s  w i t h  g e n t l y  s l op ing  
bottom p r o f i l e s .  The wide-angle beam prov ides adequate i n fo rma t i on  a t  s i t e s  deep 
enough t o  prevent  over lap  o f  v e r t i c a l  s t r a t a ,  and w i l l  gene ra l l y  p rov ide  l a r g e r  
sample s izes  than the  narrow-angle beam. 

The wide-angle beam prov ided the  bes t  sample a t  t h e  n o r t h  bank s i t e  based on 
bottom topography and number o f  f i s h  detected. Between 9 and 13 Ju l y ,  most (73.43%) 
f i s h  a t  t h i s  s i t e  were m i g r a t i n g  i n  the  bottom stratum, and p ropo r t i ons  o f  t o t a l  
f i s h  detected decreased w i t h  inc reas ing  h e i g h t  i n  t he  water column (Table 3, F ig -  
u re  7). A s h i f t  i n  d i s t r i b u t i o n  o f  f i s h  from top and bottom s t r a t a  t o  t he  midd le  
stratum was noted dur ing  the  pe r i od  28 J u l y  t o  1 August. The p r o p o r t i o n  of t h e  
t o t a l  number o f  f i s h  detected w i t h  the 6" beam w i t h i n  the  midd le  s t ratum changed 
from 17.75% t o  50.19% between 13 J u l y  and 1 August, and numbers o f  f i s h  m i g r a t i n g  
w i t h i n  bo th  sur face and bottom s t r a t a  decreased (Table 3, F igure  7 ) .  

The narrow-angle beam prov ided the  b e s t  v e r t i c a l  d i s t r i b u t i o n  data a t  t he  south 
bank sonar s i t e .  From 9 J u l y  t o  13 Ju l y ,  t he  g rea tes t  p ropo r t i on  o f  f i s h  (51.07%) 
were detected i n  t h e  bottom s t r a t a ,  and decreasing propor t ions  o f  t h e  t o t a l  were 
found w i t h  h e i g h t  i n  t he  water column (Table 3, F igure  8 ) .  Between 28 J u l y  and 
1 August, however, t h e  t rend  was reversed w i t h  52.70% o f  a1 1 detected f i s h  m ig ra t -  
i n g  near the  sur face  and decreasing propor t ions  m i g r a t i n g  a t  depth. 

F i sh  v e r t i c a l  d i s t r i b u t i o n  i s  cons i s ten t  w i t h i n  each o f  the  two t ime  per iods  
between the  n o r t h  and south banks. Most f i s h  a t  bo th  s i t e s  were detected i n  
t he  bottom depth s t r a t a  between 9 and 13 Ju l y ,  and a d i s t r i b u t i o n a l  s h i f t  t o  
shal lower s t r a t a  was observed between 28 J u l y  and 1 August. The s h i f t  i n  v e r t i -  
c a l  d i s t r i b u t i o n  over  t ime i s  probably  t he  r e s u l t  o f  changing species composit ion 
from p r i m a r i l y  sockeye salmon t o  a m i x t u r e  o f  sockeye, coho, and p i n k  salmon. 

Hour ly  D i s t r i b u t i o n  

Hour ly  d i s t r i b u t i o n  o f  counts i n  impor tan t  t o  de termina t ion  o f  t h e  frequency w i t h  
which sampling must occur t o  pe rm i t  es t ima t i on  o f  t o t a l  passage w i t h  a g iven l e v e l  
o f  p rec i s i on .  Raw hou r l y  f i s h  counts f o r  a l l  days sampled between 14 June and 1 
August ranged from zero  between 2000 and 2100 hours t o  18 f i s h  detected between 



Table 3. P r o p r t i o n s  of t h e  total number of fish detected wi thin  v e r t i c a l  
strata in the Stikine River by site, peri*, and beam w i a t h ,  1983. 

S i t e  

South &ik North Bank 

&am width1 &am w i d t h  
I n c l w i v e  Depth ---------I------- ---------LC------------ 

.Dates S t r a t a  20 6O 2 & 6O 2" 6O 2 & 6" 
L - - - Y - - C - - - U I - - L - - C L L _ - L - - - - C Y - - - - - C - U - - - - - - - - -  

Surf ace% 0.00 0.00 0.00 0.00 0.00 0.00 

1 4  June Middle % 0.00 0.00 0.00 0.00 100.00 100.00 
to  

16 June bottan % 0.00 0.00 0.00 0.00 0.00 0.00 
---C-----------------UUI-U--Y-CI-----I--------- 

Surface% 20.74 20.51 20.08 0.00 8.76 8.50 

9 J u l y  F i d d l e %  28.19 .52.79 49.53 0.00 17.75 18.79 
t o  

1 3  Ju ly  Bottom % 9 - 0 7  26 -70 30.39 0.00 73.49 72.71 

28 Ju ly  Fiddle % 30.83 0.00 12.55 0.00 50.19 31.30 
t 0 

1August  B o t t m %  16-47 57.60 42.92 51.21 47.47 54-54 
- - - - I - - - - - - - - - I -U-Y-L--- -YI- -U-Y-C--- -U-C--- - - - - - - - -  

Surface3 48.65 34.43 39.06 51.52 4.70 11.92 
Per io& 
Ccanbined Piddle % 29.02 23.67 22.87 0.00 28.54 24.66 

Narrow-angle beam = 2G 
Wide-mgle bean = 6O 
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sonar s i t e  with a wide-angle (6') beam, by period, 1983. 
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0700 and 0800 hours (Table 4 ) .  Normal ized h o u r l y  counts (Table 4, F i g u r e  9)  
show no c o n s i s t e n t  t rends  i n  f i s h  temporal d i s t r i b u t i o n .  S t i k i n e  R i v e r  f i s h  
movement i s  apparen t l y  n o t  r e l a t e d  t o  t ime  o f  day, b u t  i n s t e a d  may be co r re -  
l a t e d  w i t h  t i d e s  as suggested by Edgington and Lynch (1982).  

Optima1 Sampling Per iod  S ize  

Ana l ys i s  o f  t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  o f  numbers o f  f i s h  de tec ted  i n  sampl ing 
pe r i ods  of  va r i ous  d u r a t i o n  was undertaken i n  o r d e r  t o  a s c e r t a i n  t h e  op t ima l  
sampl i n g  p e r i o d  1  ength. Observat ions o f  f i s h  made w i t h  narrow- and wide-angle 
beams a t  the  n o r t h  and south bank s i t e s  were combined, and t h e  data analyzed f o r  
each t ime pe r i od  as w e l l  as f o r  a l l  t ime  per iods  combined. The c o e f f i c i e n t  of 
v a r i a t i o n  f o r  a l l  t ime  pe r i ods  combined ranged from 133.936 f o r  a  50-minute 
sampling p e r i o d  t o  336.237 f o r  a  f i ve -m inu te  sampl ing p e r i o d  (Table 5, F i g u r e  10) .  
These da ta  i n d i c a t e  t h a t  a  50-minute sampl ing p e r i o d  i s  r e q u i r e d  t o  m in im ize  t he  
c o e f f i c i e n t  o f  v a r i a t i o n .  

Time Between Successive A r r i v a l s  

The amount o f  t ime  elapsed between success ive a r r i v a l s  o f  upstream m i g r a n t  f i s h  
was c a l c u l a t e d  f o r  each o f  t h e  t h r e e  t ime  per iods  sampled. Agreement of a r r i v a l  
t ime d i s t r i b u t i o n s  ( F i g u r e  11 ) t o  a  Poisson d i s t r i b u t i o n  was r e j e c t e d  ( p  < 0.05). 
A r r i v a l  t ime  i s  r e g u l a r l y  d i s t r i b u t e d  a t  b o t h  s i t e s ,  t h e r e f o r e  r e g u l a r  paramet r i c  
methods of va r iance  e s t i m a t i o n  must be used. 

SUMMARY AND CONCLUSIONS 

1. F i s h  m i g r a t i n g  p a s t  sonar s i t e s  i n  t he  S t i k i n e  R i v e r  d i s p l a y  a  h o r i z o n t a l  
d i s t r i b u t i o n  t h a t  i s  skewed t o  o f f s h o r e  sec to rs .  From 90% t o  99% of t h e  
f i s h  de tec ted  u s i n g  narrow (2" )  and wide (6")  beams were l o c a t e d  w i t h i n  30 m 
o f  t h e  t ransducer  d u r i n g  t h e  t h r e e  t ime per iods  sampled, and a1 1  f i s h  were 
w i t h i n  70 m o f  shore. 

2. F i s h  a r e  d i s t r i b u t e d  th roughout  t h e  wate r  column a t  b o t h  n o r t h  and south bank 
sonar s i t e s .  V e r t i c a l  d i s t r i b u t i o n  changes over  t ime,  p robab ly  c o i n c i d e n t  
w i t h  major  species composi t ion changes. 

3. D i s t r i b u t i o n  o f  counts ove r  24 hour  pe r i ods  show no c o n s i s t e n t  t rend .  

4. The sampling t ime  p e r i o d  d u r i n g  which observa t ions  a r e  made should be s e t  a t  
50 minutes based upon a n a l y s i s  o f  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  o f  counts  f o r  
va r i ous  s i z e  sampling i n t e r v a l s .  
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FII  1 S a m p l  ing Periods [June i d - & g u s t  i .19531. 

Figure 9. Hourly dis tr ibut ion of upriver migrant f i s h  in the Stikine River during a l l  sampling 
periods, 1983. 



Table 5 .  Coefficient of variation and associaten s ta t i s t i c s  for sampling tine intervals used t o  aetect upiver  passage of t i sh  
with both 2' am 6O sonar transoucers in the Stikine River in 1983. ................................................... 

Period Time Number ot Number ot Mean Number Coetf icient Stanaard Lcwer 95% Uppr 95% 
and Interval Intervals Fish of Stvldard of Variation Deviation Confidence Confidence 

Dates (Minute) C)bserved Detected Fish/Interval Dfviation GV Limit Limit 

, 5  
1 10 

15 
20 
25 

14 June 30 
t o  35 

16 June 40 
45 
50 
55 
60 

r 5 
2 10 

15 
20 
25 

09 July 30 
to 35 

13 July 40 
45 
50 
55 
60 

25 
28 July 30 

t o  35 
1 August 40 

45 
50 
55 
60 

r 5 
All Periods 10 

15 
20 
25 

14 June 30 
t o  35 

1 August 40 
45 
50 
55 
60 ------ 
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Figure 11. Frequency distribution of time (minutes) between successive arrivals of 
upriver migrant fish in the Stikine River at the north and south bank 
sonar sites, by period, 1983. 



ACKNOWLEDGMENTS 

Several people were instrumental to  the accomplishment of the objectives of 
th is  study. John Edgington, Brian Lynch and crew graciously shared the i r  
St i  ki ne River camp faci 1 i  t i e s  and provided logistical  support. Fritz F u n k  
provided invaluable programming and analytical assistance, and John Clark and 
Dave Gaudet c r i t i c a l l y  reviewed the manuscript. 



LITERATURE CITED 

Edgington, J. and B. Lynch. 1982. 1982 S t i k i n e  s tud ies  annual r e p o r t .  Alaska 
Department o f  F i sh  and Game. Commercial F i s h e r i e s  D i v i s i o n .  Unpubl ished 
r e p o r t .  Petersburg, Alaska. 88 pp. 

E l l i o t t ,  J.M. 1971. Some methods f o r  t h e  s t a t i s t i c a l  a n a l y s i s  o f  samples of 
ben th i c  i nve r teb ra tes .  Freshwater B i o l o g i c a l  Assoc ia t i on  S c i e n t i f i c  Pub- 
l i c a t i o n  No. 2 5 .  F e r r y  House, Ambleside, Cumbria, UK LA2201P. 

O l i v e r ,  G. 1983. 1982 S t i k i n e  R i v e r  escapement est imate.  Memo t o  Dave C a n t i l  l on ,  
Region I Superv isor .  Alaska Department o f  F i s h  and Game, Commercial F i s h e r i e s  
D i v i s i o n .  Juneau, Alaska. 6 pp. 

U.S.G.S. 1984. Water resources data - Alaska - wate r  yea r  1983. U.S. Geo log ica l  
Survey wate r  da ta  r e p o r t  AK83-1. Juneau, Alaska. I n  press. 

Wal ls,  S. 1984. S t i k i n e  R i v e r  s tock  apport ionment - 1983. Memo t o  Glen O l i v e r ,  
F i s h e r i e s  B i o l o g i s t ,  Alaska Department o f  F i s h  and Game. Commercial F i s h e r i e s  
D i v i s i o n .  Juneau, Alaska. 8  pp. 



APPENDICES 



m r x i i x  1. Stikine River bottan p ro f i l e  a t  the rlorth bank sorar  
site1,  14 June 1983. ....................................................... 

Distance Depth Distance Dew~ 
cnl) bn) UTi ) Im) 
I--------I----U----LI----L--L-C-----CC_-CI------- 

0 (Korth E m E )  G 193 - 2 5.4 
4.6 3 -3 204.2 5.3 

15.5 4.4 215.5 5.2 
26 -8 6.1 226.5 5.1 

71.0 6.7 271 .O 5.1 
82.3 6 -7 281 -9 5.2 
93 -3  6.7 292.9 5.6 

104.5 6 -4 304.2 6 -1 
115.5 6.3 315.2 6.3 
126 -5 6 -2 326 -4 6 -8 
137 - 8 6.1 337 .4 7.6 
148.7 5.9 348.4 7 -7 
160 .O 5.8 359 -7 3.1 
171.0 5.7 370.6 2.6 
182.0 5 .i 375.2 (S0uthBank)O 

--------------------------Y---L----------------------------- 

Reccrded depths were taken along a transect angled 15' d m s t r e m ~  
froan prpendicular  t o  the shoreline. River w i d t h  of 362.4m w a s  
taken f roan IJSGS data. Transect length of 375.2~1 was estimated 
by 362.4/Cos 15O. 



Appendix 2 .  S t i k i n e  River bo t t an  p r o f i l e  a t  the scuth bank sorar 
site1, 1 4  June 1983. 

. - . - - - - - - . 

Distance Depth Distance Deptl-I 
mi) (m cm) (m) 

0 (South bank) 0 248.7 5.0 
11.3 3 -6 260.0 5 .Li 
22.6 3 -9 3 1 . 3  5.8 
33.8 3.6 282.8 5.7 
45.1 3 -7 294.1 5.9 
56 .-/ 3 -8 305.4 6.2 
68. C 4.1 316 -7 6 -3 
79.2 4.0 328.0 6.5 
90.5 4.1 339.2 6 -6 

101 -8 4.1 350.5 6.2 
113.1 4.6 361.8 6 -6 
124.4 4 -5 373.1 6.7 
135 .6 4.7 384.4 7.1 
146.9 4 -8 395.6 7 .7 
158.2 4.9 407 -2 7 -8 
169.5 5.2 418.5 8.3 
181 -1 4 .7 429.8 8.9 
192.3 4 .8 441.0 9.3 
203 -6 4.8 452.3 9 .7 
224.9 5 -8 453.6 7.8 
226 -2  5.5 47 4.9 6 -0 
237.4 5.1 486.2 (North Bank)O ................................................................. 

1 Recarded depths were taken along a transect ansled 15O d a m s t r e a t  
frcan perpendicular  t o  the shore l ine -  River width of 457 .h  w a  
e s t h t e d .  Transect length of 4 8 6 . 2 ~  w z s  es t imate3  by 4 5 7 . 2 m s  15O. 



ApFeradix 3. Sti kine River depth f luctuat ion Ciur ing sonar sampling, 1983l. 
------------------__-L----L--------------------IC-- 

&lily Ixrw Daily High Meim Gauge 
Date Mater (m) Water @I) Height (I[,) 

14 June 5.73 

15 June 5.73 

16 June 5.98 6 -10 6.06 

09 Ju ly  6.01 6.09 6.04 

1 0  Ju ly  6 .O& 

11 Ju ly  5.86 

12  Ju ly  5.56 5.85 5.68 

13 Ju ly  5.39 

28 Ju ly  5 -88 

29 Ju ly  5.98 

30 Ju ly  5.91 

3 1  Ju ly  5.95 6.40 6 .lb 

01 August 6.27 6.46 6 . U  
----------_-------------------------------------.------------------ 
I Data were taken by USGS a t  a gauging s t a t i o n  located near the 

north h k  scirar site (USGS 1984). 



Appenaix 4. C r i t e r i a  f o r  c l a s s i f i c a t i o n  of t a r q e t s .  

C l a s s i f i c a t i o n  of t a r g e t s  a s  upriver  migrant f i s h  \(as opposea t o  
a e b r i s .  boa t  t r a f f i c ,  or  s e a l q )  was basea  on a i r e c t i o n  of 
movement, hmount o t  t i m e  s p e n t  i n  t h e  beam, s u r f a c e  t u r b u l e n c e  
a s s o c i a t e a  w i t h  t h e  t a r g e t -  ana w i a t h  ana i r ~ t e n s i t y  of; t h e  
recoraea t r a c e .  

D i r e c t i c n  of movement was aeterni i r lec  us ing  change-irl-ranye 
t e c h r ~ i q u e s .  The f i q u r e  below shows a  c r o s s  s e c t i o n  o t  an 
6cous t ic  beam- 

Shorel ine I Cur ren t  

The t r a j e c t o r y  of a f i s h  passing through the  beam is representec  
by v e c t c r  A. Marks on t h e  l i n e  i c e n t i t y  p o s i t i o n s  a long  t h e  
t r a j e c t o r y  where t h e  f i s h  i s  e n s o n i i i e a  ~ u x i n g  s u c c e s s i v e  
t ransmissions.  As t he  f i s h  moves along i ts  upstream t r a j e c t o r y ,  
i t s  s l a n t  range  f r  oni t h e  t r a n s a u c e r  u e c r e a s e s .  Downstr eam 
movemerit is eviaencea by increas ing  s l a n t  range. Change-in-range 
i s  apparent both on an osc i l loscope  a t  the time o t  ae tec t ion ,  ana 
on t h e  echoyram- D e t e r m i n a t i o n  of t a r q e t  a i r e c t i o n  s e p a r a t e a  
drebris iron; other  t a rge t s .  

In  oraer  t o  uis t i r ,guish f i s h  from other upstream-airectea t a r q e t s  
! (boats  cna s e a l s ) ,  o b s e r v a t i o n s  maoe a t  t i rc~e of a e t e c t i o n  anG 
post-season a n a l y s i s  of t r a c e  s i z e  ana i n t e n s i t y  ana assoc ia tea  
t u r b u l e n c e  were usea. S u r f a c e  t u r b u l e n c e  a i s t i n q ~ i s h e a  b o a t s  
trom s e a l s  ano i i s h .  I n t e n s i t y  ana wiath of t h e  t r ace .  which a r e  
o i r e c t l y  r e l a t e a  t o  t a r g e t  s i z e ,  permi t tea  separa t ion  o t  t r a c e s  
maae by s e a l s  t r o n ~  t h o s e  maae by f i s h .  



Appraix 5. Normliz inq constants  usea i n  determination of hor izonta l  d is t r ibut ic jn  o i  
i i sh  in the S t i k i n e  River , 1983. 

m g e  01,) ~ r e a  b2) Range (n1) Area (mZ) Normalizirig Constant 
-------------------__----------------------------*-------------------------------- 

0- 10 5.24 0- 1 0  5.24 10.00 
0- 20 20.94 10- 20 15.70 3.34 
0- 30 47.12 20- 30 26.18 2.00 
0- &I 83-78 30- 40 36 -66 1.43 
0- 50 130.9G 40- 50 47 -12 1.11 
0- 60 188.50 56- 60 57 -60 0 -91 
0- 70 256.56 60- 70 68.06 0.77 
0- 80 335.10 70- 80 7b.54 0.67 
0- 90 424.12 80- 90 89.02 0.59 
0-100 523.60 90-100 99.48 0.53 
0-110 633-55 100-116 109 -55 0.48 
0-1 20 753 -98 110-120 120.43 0.44 
0-130 8b4,8b 120-130 130.90 0.40 
0-1 40 1.026 -25 1 3  0-1 40 14J. -37 0.37 
0-150 1,178,lO 140-150 151 -85 0.34 
-----------------------------l----------------------------------------------- 
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k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
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